Background The extent to which the poor health profile of Glasgow, the city with the highest mortality rates in the UK, can be explained solely by socio-economic factors is unclear. This paper additionally considers behavioural and biological factors as explanations of excess risk.
Introduction
The poor health profile of Scotland relative to other comparatively wealthy nations is well known: the country has the highest mortality rates ( particularly among adults of working age) and lowest overall life expectancy in western Europe. 1, 2 This is driven to a large degree by particularly high mortality in Glasgow and the West Central Scotland conurbation. 3, 4 Traditional explanations for this phenomenon have focused on material deprivation and related socio-economic conditions, principally in comparison to England and Wales. 5, 6 In recent years, however, an increasing amount of evidence has suggested that factors over and above socio-economic deprivation may be contributing to this situation. 7 -11 For example, in 2001 all-cause mortality in Scotland was shown to be 8% higher than that in England and Wales even once all differences in area-based deprivation had been accounted for, 8 while premature mortality in Glasgow has been shown to be 30% higher than those in the identically deprived cities of Liverpool and Manchester. 12 These unknown drivers of poor health have speculatively been referred to as the 'Scottish Effect' and, in the case of the country's largest city, the 'Glasgow Effect'. Importantly, however, the essential question of what explains poor health over and above the effects of socio-economic deprivation is also relevant to, and has been shown to be relevant to, other parts of the UK. 13, 14 Such an 'effect' has also been shown for Glasgow relative to the rest of Scotland for both morbidity and mortality. 10, 15 The former analyses, however, were limited by the areabased deprivation measures that were available at the time of the study and by the range of risk factor variables that were included in the analyses. In this study, therefore, we seek to overcome these weaknesses by employing more sophisticated, spatially sensitive, measures of deprivation, as well as a much broader range of socio-economic, behavioural and biological variables to establish whether differences in health between Glasgow and Scotland can be fully explained in these terms, or whether there is evidence of any such unexplained 'excess' poor health.
Methods

Data
Data are from the 2008 and 2009 Scottish Health Surveys, 16, 17 cross-sectional studies of Scotland's population, commissioned by the Scottish Government Health Directorates. Based on face-to-face interviews, the surveys collect a wide range of demographic, economic, behavioural and biological variables. Sub-samples from both the 2008 and 2009 surveys were selected for a nurse visit to collect biological measurements [e.g. blood pressure; lung function; urine sample-based measures of sodium, potassium and creatinine; cotinine (from a saliva sample); waist and hip measurement and demispan], and some of these participants agreed to provide a blood sample (from which measures such as high-density lipoprotein (HDL) and total cholesterol, fibrinogen, glycated haemoglobin and C-reactive protein could be analysed). Between the two data sets, data were available for 13 996 adults (aged 16þ), of whom 3242 were adults resident in the Greater Glasgow and Clyde (GGC) area. [Note: this relates to the National Health Service (NHS) Board area of Greater Glasgow and Clyde.) The nurse and blood sub-samples were available for 414 and 322 respondents in GGC, respectively; the equivalent figures for the rest of Scotland were 1823 and 1466. More information on the sample design and data collection is available from the 2008 and 2009 Scottish Health Survey reports. 16, 17 Three groups of outcomes were considered: general and mental health (e.g. poor self-assessed health, anxiety and depression); physical health (e.g. history of heart attack or stroke) and adverse health behaviours (e.g. smoking, alcohol and diet). The full list of variables with definitions is presented in Table 1 . Data on anxiety and depression were only collected in the nurse sub-sample. Analyses of the outcomes 'overweight' and 'obese' were carried out separately for men and women (this was done due to the different relationships between weight and SEP for men and women). Exposure data are listed in Table 2 .
Note that exposure data on relationships and social mobility were included in some of the models. The rationale for their inclusion, and the results, are described elsewhere, 18 and are not considered further in this paper.
Analyses
First, the prevalence of each outcome in GGC was compared with the prevalence in the rest of Scotland, with Table 3 presents the prevalence of each outcome in GGC and the rest of Scotland. There are significantly higher levels of each general and mental health outcome in GGC, with the prevalence close to double those in the rest of Scotland for levels of moderate-to-severe anxiety and depression, and over twice for poor self-assessed health. For physical health, although the prevalence is higher in GGC for all the outcomes, it is only significantly higher for heart attack, limiting long-standing illness and chronic obstructive pulmonary disease (COPD). For adverse health behaviours, GGC had lower levels of overweight and obesity for both men and women, significantly so for overweight men and obese women. The prevalence was also lower for drinking over the recommended weekly alcohol limit, although this difference was not significant. However, residents of GGC had significantly higher levels of binge drinking, current smoking, heavy smoking and consuming less than two portions of fruit and vegetables a day compared with the rest of the country.
Regression models Table 4 presents the odds ratio (OR) for each outcome in GGC compared with the rest of Scotland, both unadjusted and adjusted for age and sex. For reasons of clarity and space, Table 5 presents ORs for those outcomes where the effect of residence in GGC was not fully attenuated by adjustment for age and sex, and shows the effects of adjustment for area-based deprivation, individual-level socioeconomic status, behavioural factors and biological markers. All these results are discussed in more detail below.
General and mental health
Residents of GGC had significantly higher odds for each of the general and mental health outcomes, both unadjusted and when adjusted for age and sex ( Table 5 ]. This was also true after 
Discussion
Main findings of this study
Using the 2008 and 2009 Scottish Health Surveys, this study sought to examine the extent to which residence in Glasgow (and its wider conurbation) was significantly and independently associated with the risk of a range of adverse health behaviours, and both mental and physical health outcomes, and the degree to which whether any association was explained by area-level deprivation, and individual socioeconomic, behavioural and biological factors. It is notable that for the majority of outcomes analysed (16 out of 18), differences between the Glasgow conurbation and the rest of Scotland were fully explained by a combination of these factors. This is not surprising for two reasons: first, on account of the wide range of explanatory variables included in the models; and second, because poor health has been shown to be significantly higher in all parts of Scotland compared with the rest of Great Britain (whilst controlling for the effects of socio-economic deprivation), with the difference merely more pronounced in the Glasgow area. Given the ubiquitous level of poor health seen across the country, therefore, it would be surprising if any significant differences in health outcomes remained after adjustment for such a broad range of explanatory factors. That said, a significantly higher risk for residents of GGC was observed for two health outcomes after adjusting for all variables: the first is 42% increased odds of having experienced a doctor-diagnosed heart attack. As the analyses are based on survey data, this outcome obviously only relates to survivors of heart attacks. However, other administrative data show higher rates of hospital admission and mortality for ischaemic heart disease (IHD) among residents of GGC, suggesting this is unlikely to be a solely survivor-specific issue. 19 This finding echoes results of analyses by Mitchell et al., 9 who used health survey data to analyse differences in selfreported IHD between Scottish and English populations: a 50% higher risk of IHD was found among Scottish respondents compared with their English equivalents, even after controlling for socio-economic and other risk factors.
The second significant difference which remained was for anxiety (defined as moderate to severe anxiety), for which residents of GGC had close to twice the odds [OR ¼ 1.92 (95% CI: 1.28, 2.88)]. It is important to note that the relationships may not be causative; due to the cross-sectional design of the study it is not possible to investigate causation. Nonetheless this finding of adverse mental health in Glasgow compared with elsewhere in Scotland which cannot be accounted for by socio-economic and other characteristics of the population is echoed by other research. Gray, 15 for example, showed this to be the case in relation to poor psychological morbidity (high GHQ12 scores), a similar finding to this study when based on the larger sample size models (i.e. excluding the biological variables). However, despite this, and the similar approaches of the two studies, there are a number of differences between the results of Gray's study and this one. (for example in relation to general health and binge drinking. There were significant differences shown between the two populations after adjusting for SEP in the earlier study, but the difference was fully attenuated in our own analyses) There are a number of reasons why this might be the case: first, different years of survey data have been used, and the profile of the sample may have changed over time. Secondly, the geographical definition of the Glasgow area is different: our study is based on the current NHS Board area of Greater Glasgow and Clyde, which has a larger population size than the previous, smaller, NHS Board area that was the focus of Gray's analyses (NHS Greater Glasgow and Clyde came into being in 2006. It replaced the previous NHS Greater Glasgow health board area, which was merged with part of the old NHS Argyll and Clyde area. It therefore covers the old Greater Glasgow area, but additionally covers areas such as Inverclyde and Renfrewshire. The population size has increased from c. 870 000 to c. 1.2 million. The Scottish Health Survey sample was stratified by NHS Board and therefore analysis at this level is more representative than sub-NHS Board geographies, thus the new NHS Board area was chosen as the preferred geography for the analyses); thirdly, we have used a more sophisticated, spatially sensitive measure of area-based deprivation, 20 based on very small areas of around 750 people (whereas the previous analyses were constrained by use of postcode sectors which have an average population size of 5000 -6000). Finally, we have employed a much larger selection of individual socioeconomic, behavioural and biological variables in the models, resulting in a much richer and comprehensive analytical approach.
It was notable that the differences for the majority of health outcomes between GGC and Scotland were explained by either area or individual-level socio-economic factors. This underlines the importance of improving both the area-and individual-level socio-economic circumstances of those experiencing poverty and deprivation. However, the fact that residents of GGC are associated with such higher risks of aspects of poor mental (anxiety) and physical (heart disease) health, even after controlling for all socio-economic, behavioural and biological differences, clearly warrants further research. At present, we can only speculate as to the likely causes. An assessment of the latter in relation to Scotland's excess mortality compared with elsewhere in the UK (the 'Scottish Effect') has recently been undertaken, with the authors highlighting historical, political and economic factors (resulting in levels of hopelessness and community disruption) as potentially important. 11 However, as that report also points out, the explanation will clearly be multi-factorial, rather than relating to one single cause, and specific research focusing on the aspects of physical and mental health in Glasgow that have been highlighted in this report may shed additional light.
Limitations of this study
There are some limitations to the study, such as the use of so many self-reported measures; however, as this was the same for residents of GGC and the rest of Scotland, the results are still comparable between the two regions. That said, measures of self-assessed health have been shown to be influenced by demographic, socio-economic and cultural factors, 21 -23 and it is possible measures such as 'feelings of anxiety' may be influenced by such factors.
Complete case analyses were carried out, although weights were used to ensure the participating sample represented Scotland, this does not account for item non-response within participants, which occasionally led to different results when the same model was run using the nurse/blood sample and the complete sample.
The number of participants who had suffered strokes or heart attacks was small, and this meant certain biological relationships could not be investigated.
In addition, this is a cross-sectional data set, so it is not possible to draw conclusions regarding the direction of effects.
Finally, there is a danger that in analysing such a large number of outcomes, some spurious findings may emerge. However, for both outcomes where an increased risk for Glasgow residents was found, the size of the increased odds (42 and 92%) was such that this seems unlikely in this case.
However, the many advantages of the study outweigh the disadvantages, such as the large sample size and breadth of information available in the Scottish Health Surveys, allowing these analyses to be carried out, extending previous work which only investigated the extent of socio-economic variables in explaining differences between Glasgow and the rest of Scotland. An additional advantage is the use of a more spatially specific variable to examine the effect of area-level deprivation.
What is already known on this topic
Scotland has the poorest health of any UK country (and indeed of any Western European nation), driven by high levels of morbidity and mortality in its largest city, Glasgow, and the surrounding conurbation. Socio-economic circumstances neither fully explain Scotland's poor health profile compared with elsewhere in the UK, nor Glasgow's poor health status compared with the rest of Scotland. Previous analyses of deprivation and health between Glasgow and the rest of the country were limited by the area-based deprivation measures and range of risk factors used.
What this study adds
Individual economic status and area-based deprivation explain the majority, but not all, of the differences between the Glasgow area and the rest of Scotland for key measures of health. Other differences were explained by behavioural and biological factors. However, there remained an increased risk of anxiety and doctor-diagnosed heart attacks even after the additional adjustment for behavioural and biological risk factors in addition to socio-economic conditions. Further explanations for this phenomenon are required.
Conclusions
This study has sought to improve on previous analyses to examine the extent to which the adverse health profile of Glasgow, compared with the rest of Scotland, can be explained by differences in socio-economic, behavioural and biological risk factors. It showed that combined area and individual-level socio-economic circumstances explained the differences found between GGC and the rest of Scotland for the vast majority (16 out of 18) of outcomes investigated. However, four outcomes remained where differences were not explained by socio-economic factors: anxiety, doctor diagnosed heart attack, high GHQ scores and being overweight. Of these, the latter two were explained by differences in behavioural and biological factors. However, there remained an unexplained excess in relation to prevalence of anxiety and doctor diagnosed heart attack, with higher, unexplained, levels found in GGC that warrant further investigation.
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